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Introduction 
What would you do if you woke up one morning and all bees were gone? You might be 
relieved that you don't have to deal with painful bee stings anymore, or the loud humming of 
bees while you work in your garden. Or, you may worry about the effect that the disappearance 
of one organism will have on the rest of the ecosystem. One change in an environment will not 
go unnoticed, a ripple effect can occur and eventually affect a comprehensive portion of the 
biodiversity. If bees disappear, more than just wild flowers will decline, our food supply may be 
negatively impacted. Eighty percent of wild plant species are dependent on bee pollination (Ellis, 
J. D., Evans, J. D., & Pettis, J., 2010). What's more alarming is that bees are disappearing, the 
decline in the bee population has been becoming more and more prevalent throughout the recent 
years. In 2006, the origination of colony collapse disorder brought focus to the importance of 
bees, and necessity of maintaining diversity (Goulson, 2008). Even more recently, in 2016, bees 
made their first appearance on the endangered species list (Wang, 2016). 
The intent of our project is to educate the public of the importance of bee diversity and 
the conservation of bees. For the scope of this project the focus will be on bumble bees in North 
East America. Bumble bees are responsible for pollinating a large portion of wildflowers and 
other plants and because different bumble bee species prefer different plants it is important to 
have a diverse bee population to maintain a diverse plant population. Therefore, it is important to 
not only to reduce bumble bee decline but to preserve the diversity of bumble bee species. Our 
goal for this project is to educate people on the different species of bumble bees along with the 
importance of trying to preserve the diversity in bees. We have developed three strategies to 
accomplish this goal: 
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1. Develop a mobile app that will help citizen scientists to identify local bumble bees as 
well as transfer information to a central database. 
2. Design a kiosk that utilizes a Net Logo model to demonstrate why and how 
anthropogenic stressors such as pesticides and exotic plant species affect bumble bee-
plant diversity. 
3. Design and distribute brochures to Tower Hill Botanic Garden educate the public on the 
importance of bumble bee (pollinator) diversity. 
 All three ‘products’ will be beta tested for effectiveness at Tower Hill Botanical Garden 
education center in Boylston, MA. By engaging the public and collecting data on their response 
to our educational tools, we hope to make the public more aware of the bumble bee decline and 
what they can do to help solve the problem. 
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Background 
I. Importance of Bees in Our Ecosystem 
 Most plants around the world are insect-pollinated, and most of that pollination comes from 
bees. Bees are considered a keystone species; meaning, bees play a crucial role in our ecosystem. 
In fact, our ecosystem is dependent on bees to thrive and even survive. Bees pollinate everyday 
flora such as those found in agricultural crops, gardens, window boxes, and open fields. Not only 
do flora depend on pollinators, wildlife habitats, including the animals higher up the food chain 
also depend on bees to maintain the diversity and population of flora. 80% of wild plant species 
are dependent on bee pollination (Ellis, J. D., Evans, J. D., & Pettis, J., 2010). Bees help wild 
plants and commercial crops reproduce by transferring pollen from one plant to another, fertilizing 
plants of the same species and consequently aiding in the reproduction cycle of plants. Bees are 
not only helpful for keeping the earth colorful and lively with a diverse growth of flowers but bees 
are also responsible for a significant amount of our food supply.  Bees pollinate over 66% of the 
world cultivars and. 75% of agricultural crops used for human food sources are pollinated by bees 
(Anderson, O’Rourke, Liu, Snider, Lowdermilk, Truong, et al, 2012), this amounts to being 15-
30% of the world's total food production relying directly on pollination (Ellis, J. D., Evans, J. D., 
& Pettis, J., 2010). Bees pollinate a great variety of plants, from fruits and vegetables to backyard 
gardens. Bees are vital to constantly renewing our food supply, making them responsible for an 
estimated 5-14 billion dollars’ worth of crop pollination a year (Xerces Society, 2011). The floral 
reproduction that is facilitated by bees helps an ecosystem maintain its strength through diversity. 
 For the scope of this project the focus will be mainly on the impact of bumble bees. Bumble 
bees are important pollinators in terrestrial ecosystems worldwide (Xerces Society, 2011). A 
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distinct and fairly unique feature of bumble bees is some of the species have a long tongue. The 
length of their tongue enables them reach deeper into flowers, allowing them to collect nectar from 
deeper, more tubular-shaped flowers which other, shorter-tongued bees would not be able to reach. 
Crops pollinated by bumble bees include but are not limited to tomatoes, peppers, cucumbers, 
apples, raspberries, blueberries, strawberries, blackberries, cranberries, cherries, apricots, plums, 
nectarines, peaches, eggplants, soybeans, almonds, and sunflowers (Goulson, 2009). 
 Pollination of plants is not reliant solely on bumble bees. In fact, honey bees are also 
important pollinators. Both types of bees evolved in different ways because they each evolved in 
distinctive environments. The honeybee utilizes a collective hive memory to forage, while the 
bumble bee uses individual bee memory. This is less efficient due to singular bees often having 
varying preferences in flowers. However, while pollination based on individual memory seems 
less efficient, bumble bees are faster pollinators. In fact, as noted by Professor Goulson, when 
under the same conditions, bumble bees will pollinate more flowers than honey bees (Xerces 
Society, 2011). Analyzing both the honeybee and bumble bee population are important in terms of 
maintaining overall pollination in the ecosystem. Honey bees are frequently used to manage 
monocultures such as commonly grown crops. Bumble bees have a larger impact on the 
biodiversity and strength of an ecosystem. Understanding and reversing the decline in diversity 
and population of pollinators has been a focus of research ever since the colony collapse disorder 
was identified in 2006 (Wang, A.). 
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II. Biodiversity in Bees 
 In North America there are 46 species of Bumble bees and at one point there was a total 
of 11 species in central Massachusetts (Xerces Society, 2011). However, the disappearance of 
bumble bee diversity has caused this species count to drop.  With the importance of bees in 
general for the reproduction of cultivars also comes the importance of diversity in bees. Not 
every person in the world likes the same types of food and that is also true for bees. Not every 
bee species prefers the same plant and even when they do, individual bees may have stronger 
preferences for different plants than other bees of the same species (Blüthgen & Klein, 2011). 
While bees do prefer specific plants at a species level, their preferences are also noted on an 
individual level, within a species. This yields greater variation to the level of plant preference 
giving more importance to the necessity of not only a multitude of bees but diversity among 
species. The ecosystem cannot function properly or to its full potential without biodiversity. 
Ecological niches play an important role in the biodiversity of bees and plants (“Bumble Bee 
Decline in North America”, 2014). That is, every species of bee only pollinates certain types of 
plants in certain geological areas. The diversity of bees is what manages the diversity in plants. 
Wild animals and other insects, which also play an extremely important role on the ecosystem, 
depend on the diversity in plants and therefore they also depend on the diversity of bees. 
Different species of bees each play special and different roles in our ecosystem and it is only 
with the full diversity of bees that all plants can be pollinated. 
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III. Decline in the Bee Population 
 The decline in pollinators and specifically pollinator diversity causes a decline in wild 
plant population and diversity. With a decline in diversity in bumble bees there is also a decline 
in diversity in wild plants which directly affects natural habitats and other wild creature that 
depend on the diversity in wild plants (Ellis, J. D., Evans, J. D., & Pettis, J., 2010). The decline 
in plants also causes a decline in the wild animal population which has a great effect on our 
world's ecosystem. The decline of bumble bees poses a problem for the pollination and 
abundance of crops used for food. This is a direct problem for the human population because 
crops are not only needed for food and our survival but for our economy. The decline in crops 
will also cause a decline in our economy. Bees being a keystone species means their decline is 
devastating to the whole ecosystem. 
 The cause of decline is not known. There are many potential factors that are thought to 
contribute to the decline. The first is reduced floral resources and loss of habitat (Potts, S. G., 
Biesmeijer, J. C., Kremen, C., Neumann, P., Schweiger, O., & Kunin, W. E., 2010). The less 
plants there are, the less nectar there is for bumble bees to consume and take back to their 
colony. Therefore, more colonies are failing due to the lack of food sources. Losing a habitat or 
nest site is detrimental to bee colonies. When a bee has nowhere to bring the nectar it has been 
forging for they have no way of keeping themselves alive. Also with the loss of nest comes the 
separation or fragmentation of bee colonies. If a colony of bees is fragmented into smaller parts 
the colony will not have enough members to either reproduce or keep themselves alive because 
they simply do not have enough members to carry out the tasks necessary for colony survival 
(Goulson, 2009).  
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 The second identified potential cause is climate change (Goulson, 2008). Being out of 
sync with food sources is detrimental to the life cycle of bumble bees. The bumble bee life cycle 
begins in late spring as hibernating queens begin to emerge. They begin to search for a nest. 
Once a nest is found they begin to forage for pollen and nectar to begin the process of making 
workers. In the beginning of the season it is the queen that tends to everything in the nest 
including all her initial offspring. This is a critical point for the nest. Bumble bees do not 
stockpile large amounts of pollen and nectar so if weather is inclement for an extended period of 
time the hive may be in danger of dying. Once the first round of workers (females) is born and 
matures, the queen stays in the nest and continues to produce more and more workers. Nest 
expansion is quick and will continue at a sustained rate through most of the summer. As fall 
approaches the queen begins to leave some eggs unfertilized to become males and the queen 
allows worker larva to also evolve into new queens. These queens and males mate, then the new 
queens will leave in order to find a hibernation spot. Then the cycle will begin again the next 
season. 
 With changing climates, the queen bee often becomes out of sync with the flower 
blooms. Weather changes affect the blooming time of flower species. If the queen bee forages 
for food while there is not an appropriate amount of flowers in bloom, the queen will not have 
enough resources to build a nest and establish a colony. Additionally, if flower blooms are not 
properly synced, for example, if there is a gap between the end of bloom of one species and 
beginning of another, colonies may be left without enough food to survive between blooms.  
 The next potential major cause of bee decline is the use of pesticides. The main problem 
with pesticides and disease in bees is that it affects their memory. Bumble bees have an 
incredible memory which allows them to not only remember where flowers are but which 
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flowers they prefer and what those flowers look like. When bee’s memories are impaired by 
disease or pesticides they have trouble remembering where flowers are and which ones they have 
previously found the most reward out of. The bees will begin to fly to random flowers which 
causes them to cross pollinate flowers. When flowers receive pollen from the wrong flower 
species its female reproductive parts (pistil) become clogged inhibiting their ability to reproduce. 
 The final potential cause is disease and parasites. A negative effect on bee population 
occurs when bees are exposed to disease and parasites that they are susceptible to. These disrupt 
a bee’s memory, having a similar effect as pesticides. 
IV. Identifying Bees 
Maintaining bumble bee diversity is critical to our ecosystem; consequently, identification of 
bumble bee species is paramount when developing effective conservation strategies and tools to 
educate the public on the importance of bumble bee decline. Without being able to identify the 
difference in bumble bee species abundance can easily be mistaken for biodiversity. Each species 
of bumble bee may contribute differently to the ecosystem; being able to tell the difference 
between species will allow for a better understanding and appreciation for the widespread 
biodiversity in bees. There are thought to be ten different species of bumble bee in Massachusetts 
(some species, such as Bombus affinis have not been spotted in the past few years): Bombus 
affinis, Bombus bimaculatus, Bombus fervidus, Bombus griseocollis, Bombus impatiens, Bombus 
pensylvanicus, Bombus perplexus, Bombus ternarius, Bombus terricola, and Bombus vagans. 
These bumble bee species can be distinguished from one another based on their distinct 
coloration patterns. The common colorations of each bumble bee species are specific to three 
different sections of the bumble bee body: the abdomen, the thorax, and the head. 
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Figure 1: Breakdown of Bumble Bee Body 
 
 There are also three different types of bees in each species; queen, worker, and male 
which are also important to differentiate from one another. Typically, the abdomen and thorax 
can be used to differentiate species while the head can be used to differentiate the type of bee 
(Colla, 2011).  
 Not only is it important to identify the bumble bee species, but identifying the abundance 
of queens, workers, and males can help predict the current success of the species that year and 
the potential success for the following year. Workers are largely a reflection and predictor of 
how successful a current season is, while queens and males are responsible for the reproduction 
of bumble bees for the following season (Goulson, 2009). 
V. Citizen Science 
Around the country, there is a push for STEM (science, technology, engineering and 
math). Not only are grade school students encouraged to study STEM fields, communities as a 
whole are putting an emphasis on being involved in STEM. One very easy and influential way 
that communities are getting involved is through citizen science. Citizen science targets the 
general public's interest in STEM projects without requiring a higher level of education to 
participate (“The science behind FoldIt”, 2010). This bridges the gap between all levels of 
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education, allowing middle-schoolers to work on the same project that hobbyists, and even Ph.D. 
students are focusing on. For example, the citizen science project, Fold-It, created a computer 
game that allowed players to fold proteins. There is no age or educational range for this game, 
allowing the interest of the general public to develop. This game also provides a “teaching 
pathway” (“The science behind FoldIt”, 2010) that provides education itself as well as facilitates 
and reinforces what is taught in school. This game is not only a fun interactive teaching tool for 
users but is also helping researchers further advance their knowledge on proteins. Fold-It allows 
players to help researchers find new protein structures that have yet to be discovered. In one 
instance, the crystal structure of a protease enzyme, in which all standard structural identification 
techniques failed, was identified by Fold-It players (“The science behind FoldIt”, 2010). The real 
world applications of this game involve gaining a better understanding of the proteins involved 
in diseases such as cancer and Alzheimer's (“The science behind FoldIt”, 2010).  Active 
participation in citizen science helps stimulate STEM as well as generate more awareness about 
current issues and advances facing the community. 
Citizen science does much more than just benefit STEM interest and education in the 
general public. Citizen science provides a powerful mechanism for researchers. With the 
advances in technology, massive amounts of data are able to be collected in small amounts of 
time. However, with all the data collected, researchers must find a balance between collecting 
and analyzing the data. Citizen science provides a tool to employ an extensive workforce of data 
collectors (“The science behind FoldIt”, 2010), allowing researchers to focus on analysis and 
advancement in their field of work. While the public's level of understanding may vary by orders 
of magnitude, the data being collected by the general public can be analyzed by the more skilled 
researchers. In the example of Fold-It, the algorithm for protein folding is being run on 
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participant's computers (“The science behind FoldIt”, 2010). Instead of running the protein 
folding algorithm on just research computers, the discovery process is expedited by taking 
advantage of resources. While Fold-it acts as just a game for the players, it is much more. The 
game motivates people to play it by making them feel like they are contributing to something 
bigger and more important than themselves. This motivational factor is what makes citizen 
science so successful, it encourages people to participate through the rewarding feeling that they 
helped an important cause. Fold-it is also a source of data for researchers that has a very real 
potential to uncovering cures for diseases. Citizen science allows large research projects to be 
broken up and delegated to the general public to help increase the influx of data. This delegation 
process takes advantage of the fact that there is minimal pre-training required for participation. 
 
VI. Projects with Similar Objectives 
There are many projects with similar goals as the one proposed here, most of which 
utilize the citizen science aspect that is present in the Fold-It example. Project Noah, The Great 
British Bee count, and The Great Canadian Bee Count are just three projects whose goals are to 
help people identify different species as well as collect data for research purposes. Being able to 
research and learn about these projects will help better the Bee-cology project as ideas and 
improvements can be taken from similar projects.  
Minimal pre - training can eliminate the expertise necessary to make organism 
identifications. A similar project to the one being proposed looks at identifying various species 
of animals. Project Noah has a simple, easy to use design that allows for interested individuals to 
explore wildlife. Through crowdsourcing, the small team of researchers develop a ‘digital 
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butterfly net’, allowing for the public to reconnect to wildlife even if it is through a digital 
platform (“Project Noah”, 2013). The concept of the project is to utilize a Facebook-like 
interface, where members can post images of species. The species can be identified by other 
members who then post comments; this utilizes the knowledge of others within the community. 
The collection of data as well as the identification is done using citizens’ knowledge, mitigating 
the amount of work done by the project developers. Project Noah also extends educational tools 
to teachers, to allow the resources to be spread to more age levels. Additionally, while there are 
no distinct species that Project Noah focuses on, smaller missions have been created to allow for 
citizens to focus on and track organisms of interest.  
 Similar concepts to the one utilized by Project Noah have been used to implement species 
identification platforms specifically aimed towards bumble bees. Since bumble bees are easily 
available and identified by the general public, projects have taken advantage of citizen science to 
broaden the scope of bumble bee identification and tracking. It is not necessary to make the 
citizens bumble bee experts, which takes years of training and expertise, instead, experts have 
extended the simple task of data collection to the public. This is done by experts using their 
advanced knowledge to share simple tools, tips and tricks to quickly identifying bees. The 
Friends of the Earth organization has taken on bumble bee tracking and identification. In Canada, 
a project called The Great Canadian BumbleBee Count was initiated by Friends of the Earth. 
While more recent, The Great BumbleBee Count is based off of a similar project that has been 
underway in Great Britain. The Great British Bee Count is also a project through Friends of the 
Earth. Working with a substantially sized and well publicized organization has helped these two 
bee count projects become successful quickly. Over the past bee season, May through July 2016, 
370,000 bees were sighted and the information sent to the project researchers (Friends of Earth 
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Canada, 2016).  Additionally, the online resources readily available to citizens through the 
project webpage helps educate the public on the background of the bee problem, encouraging 
them to take action and participate in solving a global issue (Potts, Biesmeijer, Kremen, 
Neumann, Schweiger, & Kunin, 2010).  The online tools allow for participants to access some of 
the data collected, giving them more of an interactive and involved experience, enabling the self-
motivation of the citizens for sighting bees. The available data is limited though to maps of 
where bees have been sighted and to example pictures taken. The Great Bee Count projects do 
not publicly publish any of the research results, such as bee species identified. Limited access to 
information may discourage citizens from further participating, unless they feel as if they are 
playing an important role in the global problem. By adding incentives, such as games and 
rewards, the user's interest is maintained. 
VII. Agent-Based Modeling 
Agent-based modeling is a computational system that handles the unique interactions of 
each agent within the model (Castiglione, 2006). This means that each unique agent has its own 
interactions that may not be identical to another agent in the same environment. Net Logo is a 
programming language that allows for the creation and interaction with agent-based modeling 
systems (Castiglione, 2006). It focuses on teaching the behaviors of an individual agent, such as 
a bee, to help users grasp the larger concepts of a population (Tisue & Wilensky, 2004). This 
system of teaching the characteristics of individuals prior to teaching the behavior of groups has 
been identified as a powerful teaching method (Tisue & Wilensky, 2004). Net Logo was 
designed to be both an educational tool and a research tool (Tisue & Wilensky, 2004). The 
program allows for simulations not only to be created, but users can interact and change 
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variables within the simulations to observe the effects. Additionally, Net Logo is well suited for 
showing the changes in these complex models over time, making it a valuable research tool 
(Tisue & Wilensky, 2004).  
At Worcester Polytechnic Institute, researchers and students use Net Logo as an agent- 
based modeling system. Professor Gegear’s research uses a program in Net Logo to specifically 
model bumble bees. This model is currently being worked on by graduate student, Kevin Heath. 
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Project Goals 
 The conservation of the bumble bee populations in central Massachusetts and New 
England, is no small task. We must begin to educate the general public. The awareness of the 
diversity and conservation of bumble bees is a complex task; we have developed a multi-part 
plan in order to reach the largest number of people.  
Our plan aims to accomplish 3 major goals: 
1. Outreach to the public 
2. Education on the causes of decline 
3. Citizen Science approach to identify bumble bees 
 
We plan to reach out to the public through Tower Hill Botanic Gardens in Boylston 
Massachusetts. Tower Hill Garden is the perfect place to begin education of the public. This 
center is open year round and brings in large crowds with its educational opportunities, special 
events and beautiful gardens. 
At Tower Hill, we plan to educate the public with our kiosk. The kiosk will run a version 
of Kevin Heath’s (Worcester Polytechnic Institute Graduate student) Net Logo model coupled 
with a pamphlet containing bee identification steps as well as facts for the general public. This 
will allow us to convey our knowledge in an easy to understand format as well as practical hands 
on experience with bee identification which will become the gateway to utilizing the Bumble bee 
app. This kiosk will allow the public to better grasp the pollinator decline. Highlighting how 
different factors and pollinator diversity go hand in hand, the kiosk and pamphlet will drive 
home the overarching message to the general public about how we need to protect not only the 
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pollinators, but also the pollen producers. They are not independent, but are intertwined and rely 
on one another for consistent growth and prosperity.  
Finally, we aim to engage the public in a citizen science project, allowing them to help 
identify and track local bumble bees. The app, developed by Jackson Oliva (Worcester 
Polytechnic Institute Undergraduate student), will allow the public to continue bee identification 
and conservation efforts outside of Tower Hill. This is important because bumble bees do not 
only live in Tower Hill Garden. Data collection around central Massachusetts is key to gauging 
the current population and location of bee species.  
The combination of these three goals, will reach out to the public, educate the public, and 
engage the public in local research. This will create a long lasting impact on local bumble bee 
conservation because people will not only become aware, they will be provided with potential 
options to help. 
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Methodology 
 The overarching goal of this project was to educate the public on the importance of 
bumble bee biodiversity through different teaching tools. We developed three products to get this 
information out to the public in an interesting and engaging way. Our products included: two 
brochures, one guide to identifying bumble bee species and another for information on decline, a 
Net Logo model that simulates what will happen to bee colonies after five years under the most 
harmful; conditions and the third is an app which also guides users to identifying different 
bumble bees. These products together informed people why biodiversity is important, why 
bumble bees are in decline and how the two are linked and can cause a detrimental effect to our 
ecosystem. Additionally, the products enabled users to identify local bumble bees in 
Massachusetts and allowed them a way to participate as citizen scientists to help save the bumble 
bees. 
I. Bumble Bee Identification 
Most bumble bee encounters last less than 20 seconds, making it difficult to identify the 
species in such a short time. Our system allows the user to ask themselves simple yes or no 
questions to quickly identify each species. 
Bumble bee species can be distinguished from one another based on their distinct 
coloration patterns. We make use of the color variations between bumble bee species to create a 
system for species identification. The color variations are not simple, and each species can have 
multiple potential color variations, morphs. However, some morphs are much more common 
than others. Both of our products that assist a person in identifying a bumble bee, the app and the 
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brochure, focus on the most common morphs of the ten species found in the local Massachusetts 
area. The decision to focus only on the most common morphs greatly simplified the 
identification system, making it something that people would be more likely to try.  
Initially we created a decision tree based of the most common morphs of each species to 
aid us in the design of the brochure and flow of the app. (See Figure 2 for flow chart) 
Figure 2: Flowchart of Bumble Bee Identification 
 
Figure 2.1: Example of Decision Tree Branches 
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Using the idea of the decision tree, a flow chart was created for the identification guide. 
The flow chart had the same basic breakdown of bumble bee species into categories, but it was 
designed to be easier to follow and allow for images and more information to be added. 
To make the identification guide simple and easy to follow, we designed it to break down 
the bumble bee species into simple, easy to recognize categories. The guide provides questions 
that help a user further narrow down the bumble bee species possibilities until only one species is 
left.  
The guide follows a system of first observing a bumble bees abdomen, then to further 
identify the bee, the thorax and finally the head is analyzed. (See Figure 1 for the parts of a 
bumble bee) 
Figure 3: Three Categories of Bumble Bee Abdomen Coloring 
 
 
Identification starts with the abdomen. The bees are initially divided into three categories. 
All abdomens can fall into one of three categories: mostly black, mostly yellow, and half and 
half. After this category had been chosen, we ask simple yes or no questions such as “Is there 
orange?” If the answer is yes, then it is that species. If not, then the user will move onto the next 
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question. At the end we show images of the male and female heads of the bees, allowing users to 
not only identify species but identify a specific bee within the species. 
Figure 4: Male and Female heads of B. griseocollis 
 
 
The mostly black abdomen section of our identification contains three species of bees 
(See Figure 5), each with a corresponding question about their abdomen in order to distinguish 
them from the others of similar abdomen coloring. For B. griseocollis, we chose the question “Is 
there orange?” referring to the orange stripe on the abdomen. For B. bimaculatus, we chose “Is 
there a w shape present?” which refers to the large w shaped yellow patch on the abdomen. As 
for B. impatiens, we chose “Is there one yellow segment?”  These questions were selected 
because they focus on unique features that separate each possible species from one another. 
Figure 5: Bumble Bee’s in the Mostly Black Abdomen Category 
 
 
The half and half abdomen section of our identification contains four species of bumble 
bees (See Figure 6).  For B. affnis, we chose the question “Is there orange?” referencing the 
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orange band on the A2 segment. For B. terricola, we chose the question “Is the top half black?” 
referring to the black coloration in the top half of the abdomen. For B. vagans, we chose the 
question “Is there a dot?” referring to the dot on the thorax. For B. perplexus, we chose the 
question “Only black on the wing base?” referring black on the wing bases, also the male and 
female morphs are both very unique so that will help further the identification. 
Figure 6: Bumble Bee’s in the Half and Half Abdomen Category 
 
 
The mostly yellow section of our identification contains four species (See Figure 7). For 
B. ternarius, we chose the question “Is there orange?” referring to A2 and A3 segments which 
are completely orange. For B. pensylvanicus, we chose the question “Is it mostly black?” 
referencing the mostly black thorax found on both the male and female morphs. For B. fervidus, 
we chose the question “Is there a black stripe?” this is referring to the black stripe found on the 
thorax of both the males and females. For B. perplexus, which is also in the half and half section 
we chose a different morph for the worker because B. perplexus, has two equally common 
morphs and the abdomen of the worker can go into either section. So for this morph we chose the 
question “Are the sides black?” focusing on this morphs thorax sides being black. 
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Figure 7: Bumble Bee’s in the Mostly Yellow Abdomen Category 
 
 
II. Brochures 
There is a multitude of sources that provide templates and software for brochure design. 
Software from Microsoft and Google were initially tested as a medium for brochure design, but 
the designs lacked an eye-grabbing appeal. Online sources, such as Canva, provide easy to 
implement brochure templates and streamline the brochure creation process. Canva was chosen 
due to its ease of use and the quality of design that the program offers over using MS Word or 
other similar free programs. 
Two brochures were designed, one focused on education and the other on identification. 
The educational overview brochure was created to aid the Net Logo model by introducing the 
problem of decline, the causes, and how people can help. The identification brochure was created 
to go along with the app allowing people to follow a simple flowchart to identify the bumble bee 
species. The designs were split up into separate brochures to prevent having a brochure that was 
unappealing and dense with text. 
The overview brochure was designed to present the common idea that bumble bees are in 
decline. Additionally, a panel of the brochure was left specifically to bring attention to why a 
reader should care about the fact that bumble bees decline. To provide the why, specific facts 
25 | P a g e  
 
about the effects of bumble bees on human life were presented in a panel that would be initially 
seen as you open the brochure. After introducing the problem and providing a reason to care, the 
brochure covers the causes of bumble bee decline. These causes are split into four groups to help 
mimic the way the causes are presented in Net Logo. 
After the reader has an understanding of the problem and the potential causes, they are 
introduced to a “Want to help” section, providing three viable ways to help based on the 
previously presented causes. Readers are able to help by eliminating pesticide use, planting 
gardens and aiding researchers by acting as citizen scientists. This section of the brochure was 
meant to tie in the other products developed in this project, specifically the Bumble bee 
identification brochure and the Bumble bee identification app. (See Appendix A for Bumble bee 
Overview brochure). 
The identification brochure focused specifically on helping educate readers on the 
different bumble bee species that are present locally. This brochure was meant to be used as a 
guide that can be taken out in a field or garden to aid users in the identification process. Because 
the differentiation between common bee types is not commonly known among most people, the 
guide begins with images of three common types of bees, bumble bee, carpenter bee, and honey 
bee. By presenting these labeled images, the users are able to clearly tell if they are looking at a 
bumble bee or not. Following the identification of bumble bees from other bee families, 
information necessary for bumble bee identification is given. The identification guide follows a 
pattern that requires users to know and identify different parts of a bumble bee, so an image is 
provided that breaks up the different parts of a bumble bee so the user can follow along. The 
identification brochure provides a visual representation of the bee identification methodology. To 
aid the identification process, illustrated images are provided for each question used to help 
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identify the bee species. Schematics were used in this section to provide continuity, making it 
easy for the user to identify the distinguishing marks of each species. (See figure 8). 
Figure 8: Example schematics from the Identification brochure 
 
 
While the illustrated image are easy to follow, images of real bumble bee specimens are 
also provided on an outer panel of the identification brochure. (See figure 9) 
Figure 9: Real bumble bee specimens from identification brochure 
 
 
This is intended to help users make a clear connection between a bumble bee they see and 
the correct species identification. (See Appendix B for Bumble Bee Identification Brochure) 
Both brochures were designed to have the same color scheme and format to provide 
consistency throughout. Additionally, each brochure contains an “About Us” section, giving a 
background on why WPI students are presenting this project. Contact information in the form of 
an email and website for Professor Gegear are provided in this section as well. The intent is to 
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provide resources for people to reach out and continue their learning and participation in the 
efforts to save bumble bees. 
III. Net Logo 
The Net Logo model has been a project of many previous Worcester Polytechnic Institute 
students. A version of the code was provided by graduate student, Kevin Heath. 
The Net Logo model has been used to simulate bumble bee hives over multiple season 
lengths. The model interface allows users to select and control the start number of flowers, and 
bumble bees. Additionally, because ecosystem diversity both affects and is affected by bumble 
bees, multiple flower species can be set to study the changes in diversity. The model allows for 
different scenarios to be set, using interactive sliders to change variables. For example, pesticide 
values and memory decay values can be set to simulate what happens in an ecosystem when 
pesticides are added. Not only does Net Logo allow for variables to be set and run in a 
simulation, the values are tracked over the period of simulated time, showing the user the overall 
changes and trends that occur. Updating graphs track the number of bees, number of flowers, 
amount of nectar in bumble bee colonies, and seed counts. 
To get an understanding of the code, scenarios were run frequently with minor changes to 
the multitude of variables and sliders. Both Professor Gegear and Kevin Heath provided 
explanations on what the program is meant to model and how it goes about doing so. 
Once the models variables were understood, a focus was put on manipulating the 
variables to demonstrate the potential causes of decline in bumble bees. The causes selected to be 
shown were the same ones shown in the educational brochure. This was purposefully designed to 
allow the Net Logo model and the educational brochure to go hand in hand. The causes of 
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decline that were focused on are: pesticides, disease, habitat loss, invasive plant species (floral 
monoculture), and global warming. Because the model cannot yet take into account the timing of 
floral blooms, global warming was left out of the Net Logo model, but still was mentioned in the 
educational brochure. 
Initially it was discussed that Net Logo users would be allowed to interact with the 
various buttons and sliders on the model to allow for a deeper understanding of the model 
functions. However, after showing the model to the sponsor, Ann Marie Pilch, it was decided 
that the buttons and sliders were overwhelming and would not be received well by the crowds 
that attend events at Tower Hill Botanical Gardens.  
To simplify the presentation of the model, a four step process was outlined in the 
interface and was used to help guide users through a selection of a few available buttons. All 
other unnecessary buttons and sliders were hidden by being placed in an off screen location. By 
not deleting the buttons, it was easy to troubleshoot and make small tweaks to the model as well.  
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Figure 10: Simplified Version of User Interface for Net Logo 
 
 
The first step was for the user to choose a pre-encoded scenario. Upon pressing each 
button, variables corresponding to the hidden sliders and buttons were set. Step 2 and 3 directed 
users to set up and run the model. 
To prevent loss of interest, each scenario was set to run for a determined length of 5 
seasons. This length was decided upon after trial and error of running the models frequently and 
determining how long was necessary to see any drastic changes that might indicate bumble bee 
decline. Additionally, the number of ticks per year was lowered, enabling the model to run 
through each season at a pace of 30 seconds per season when set at the second highest speed. 
Upon reaching 5 seasons, the model would stop and the users would be able to see the counts of 
bumble bees as well as the counts of flowers. 
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Because each Net Logo is not well known outside of the modeling community, a 
slideshow explaining how to use the model was created for users to follow along with Net Logo. 
This slideshow also points out the major changes that should be noticed over the course of a 
scenario. After directing the user to notice the changes, the slide show proceeds to explain what 
these changes mean and why they are caused. This ensures that each user understands what the 
Net Logo model is presenting for each scenario, helping to eliminate confusion and 
misunderstandings. 
IV. Bee-Cology Android App 
 Most people who hear about the importance of biodiversity in bumble bees and the 
problems their decline may cause say they want a way to help out. The Bee-cology Android app 
allows the everyday person to not only identify what bumble bee they are currently seeing but 
also become citizen scientists themselves. This app will give people a way to easily help save the 
bees on their own. Jackson Oliva is the main developer on this app and we helped him with the 
facts and some of the implementation. 
 In order for Jackson Oliva to implement the Bee-cology app we provided him with 
information on bumble bees, specifically on the species in the local Massachusetts area. The 
main element of information we provided was the identification flow chart. The app follows this 
chart in order to lead the user to the correct bumble bee identification. We also provided Jackson 
Oliva with both schematic drawings and real images of all of the bumble bee species. The 
identification chart that was implemented in the app and the images used are the same as the 
chart we use in the identification brochure. This maintained consistency between the two 
products. The last element of the app we assisted with was the Bee-dex. We supplied the 
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information needed to put together a small description of each bee species. When it came to 
implementing the app we worked closely with Jackson Oliva answering any questions he 
encountered on the decision tree of bumble bee species as well as giving him feedback on the 
design component of the app. 
 The main function of the app is the step by step process that helps users identify which 
bumble bee they took a picture of. For this section we made pictures for each most common 
morph. The app utilizes the Bumbles Bees of the Eastern United States (Colla, 2011) and the 
original picture of both the male and female bumble bee drawn by Melissa Mobley. We were 
used Photoshop Illustrator to color each of the most common morphs of every species in the 
local area. After the morphs were colored Adobe Photoshop Illustrator was used to photoshop 
the individual body parts of each bee allowing them to be utilized in the apps sliders.  
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Figure 11: Opening screen, First Question of Identification, Specifying Question (left to right) 
 
 
We used the same questions and flow as the identification brochure but also made a 
database full of picture file names that is queried depending on what the user answers. The user 
will answer the questions that appear on the screen until they have identified a specific species of 
bumble bee. Once the species is identified the database is queried for the potential different 
abdomen, thorax, and head morphs. This query will print all of the possible abdomen, thorax, 
and head morphs which the user will then be allowed to choose from. Sliders allow the user to go 
through all of the possible pictures to create the exact bee they see. (See Figure 12) 
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Figure 12: Confirming Bee, Slider Screen, Bee-dex (left to right) 
 
 
 Another feature of the app is the Bee-dex. This gives some basic information about each 
species of bumble bee. Each Bee-dex entry provides the Latin name and common name of the 
bumble bee species. An emphasis is put on the Latin names because they have been used 
throughout the brochures and apps. A description of what the bumble bee looks like is also 
provided, as well as the months in which the species can typically be spotted. If applicable, the 
names of species that frequently look like the selected species in the Bee-dex are also given. 
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V. Collaboration with Tower Hill 
To reach out to the community, we partnered with Tower Hill Botanical Gardens. Tower 
Hill runs weekend programs all throughout the year. These programs range from bee weekends, 
Winter Reimagined, where the entire garden is covered in Christmas lights, and many more that 
highlight local and exotic plant species. One of the largest programs is Winter in Bloom, This 
program is a series of five weekends, each weekend highlights a different event. This year it 
included a family weekend, America’s Horticultural Society event, and the Camellia Festival.  
We chose to work some weekends during the Winter in Bloom program because the 
event coordinator Anne Marie Pilch believed that we would receive the largest amount of 
interested guests. We determined that all the deliverables would be ready for the last two 
weekends of the program. The first session, the weekend of February 25th, was conveniently a 
family weekend because local schools were on February Break. This session would be a good 
event to present at because of the large crowds expected. 
 The second weekend was the Camellia Festival, we went on Sunday, because of how well 
we were received on the previous Sunday. We were pleased to find that all 25 of each brochure 
that we had left at Tower Hill the previous week were gone. After another successful day of 
interaction we left Anne Marie with another 20 of each brochure. We appreciate the hospitality 
and generosity of Tower Hill Garden for hosting us and allowing us to make connections in the 
local community. 
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Results and Analysis 
Three products resulted at the culmination of the project: 
1. Brochures for Overview and Identification 
a. See Appendix A and B 
2. Net Logo Demonstration 
      b.  See Appendix C 
3. Bumble Bee Identification App 
These products were presented at Tower Hill as the results of the Interactive Qualifying Project. 
An advantage of meeting with a large number of Tower Hill visitors is that we acquired feedback 
from our target public population.  
 Presentations at Tower Hill Botanical Gardens gave many opportunities for feedback on 
the three product. One of our project goals was to present our products to the public, so 
comments on the products help gauge how well we tailored the products for the public 
population. 
We were at Tower Hill for five hours for three days Saturday February 25th, Sunday 
February 26th, and Saturday March 5th. Each day we had a table there set up for us in different 
locations. The 25th were at the end of a long hallway by the kids craft area, the 26th we were in a 
Limonaia Garden and the 5th we were at the same location as the 25th. When we arrived we set 
up the table with the TV for Net Logo, Rachel’s Microsoft Surface tablet with the Bee-cology 
title and sample bee pictures, and a phone to use for the app from left to right. The identification 
brochure were with the phone and the overview brochure was with the Net Logo model for 
people to grab.  
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Figure 13: Interacting with Tower Hill Visitors 
 
 
Over the course of the three days we interacted with approximately 200 people of varying 
ages (around 6 to 70) with the average age being around 45 to 55 years old. Not only did the age 
vary in people but so did the knowledge and interest levels on the topic of bumble bees. With 
such a wide range of people learning about our project we got a lot of good feedback. Our main 
goal of the Bee-cology project was to educate the public about the importance of biodiversity in 
bumble bees. After talking to groups of people we asked them what they learned and what they 
found most interesting. The top facts people said were most interesting were: There are not only 
more than one species of bumble bees but there are ten species in Massachusetts, bumble bees 
are different from honey bees, bumble bees have memory, bumble bees have different tongue 
lengths and prefer different flowers and one of the most common was that bumble bees don’t 
sting. Every person who came up to our booth left saying they learned something new. 
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 After talking to groups of people we asked them to fill out a survey to help with the 
furthering of our project. We did not get as many responses as we would have liked (see 
Appendix D for survey questions). Over the course of the two weekends, only 7 surveys were 
completed by Tower Hill visitors. We found that we could not give the whole educational 
demonstration to all visitors. Every interaction with visitors was different, some were very in 
depth while others just wanted to ask basic questions and talk about bumble bees. In general 
most visitors wanted to ask questions immediately instead of hearing our presentation. 
Recommendations for how to get better survey numbers are in the Recommendations and 
Conclusion section below. 
 Even though the sample size was small, we analyzed the survey results. After analyzing 
all the survey responses the results proved to be positive. Everyone found Net Logo, the 
brochures and the app easy to use as well as informative. All the survey participants scored 
questions pertaining to the difficulty and information in the products as a 1 or 2 on a scale of 4, 
with 4 being difficult/confusing. More specifically, we were most interested in the preference of 
using the identification brochure or app. We wanted to know if one seemed to be easier to use or 
more convenient.  Out of the 7 surveyed, 83.3% of people said that they prefer the app over the 
brochure (Figure 13) and those 83%  said they would definitely use the app in the future. 
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Figure 14. Preference for app vs. Brochure 
 
 What we found even more useful than the survey results was the feedback people were 
giving us as they were using our three products and learning about our project. A majority of 
people wanted to know if someone would continue this project because of how important it is. 
We also got feedback specifically on our three products. For the app the main concern was about 
how they would know when the app is in the app store and whether or not it will work with 
Iphones too. In the brochures we had many people ask the difference between honey bees and 
bumble bees and what the commercial names for the pesticides were. While presenting our 
project we found that Net Logo seemed to be the most interesting to children and older aged 
people were most interested in the brochures. 
 After two weekends at Tower Hill Botanical Gardens we definitely reached our goal of 
educating the public about the biodiversity in bumble bees. Many people who came up to our 
booth took extra brochures to give to their neighbors and friends. Three women specifically said 
they were going to go home and plant bumble bee gardens. The majority of people said they 
would use either the app or brochure to identify the bees they have in their yard and were 
extremely interested in the citizen science aspect behind the app. 
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Conclusions and Recommendations 
 The identification brochure received many comments over our time at Tower Hill. There 
are some things that could be changed in order to create a smoother experience for the the user. 
Starting with the cover for the brochure, one problem we often encountered was people not 
recognizing the difference between the two brochures. We decided that instead of the text at the 
lower part of the brochure denoting “An Identification Guide”, we suggest subtext under the 
main title stating “Local Bumble Bee Identification Guide”.  Next piece of feedback we received 
belongs to the guide itself. The top left of the guide should read “Step by Step Identification 
Guide” this is to orient the reader to exactly what they are looking at instead of the current text 
which fails to do this.  Another important part of feedback is the questions should be numbered 
much like the steps of identification are numbered in order to give an indication of which body 
part to be focusing on the bee. Another major piece of feedback is the pictures of the lab 
specimens of each species.  Although the pictures were taken under a white specimen light, the 
pictures appear to have a yellow tint. So we suggest using a different light to take the picture so 
that the pictures have a white light. The lab picture should also have standardized angles in order 
to create a cleaner looking brochure.  The last big piece of feedback we discussed was to shorten 
the about us section and change it to a more why identify bees section. This will give the user 
some idea of the purpose to why we identify bees and how they can help the local bumble bee 
population. These are some of the major areas that if we were going to redo the brochure we 
would address immediately. 
 The overview brochure addressed more of the general problems affecting our local 
bumble bees. The feedback is mostly centered on the “how you can help” section. In our “how 
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you can help” section we forgot that not everyone knows the chemical compounds to look for in 
pesticides. So to make it easier, it should be changed to actual products to avoid and then a few 
products that are safe for the local bumble bees offering gardeners an alternative without having 
them go looking for the information. Also the “what to plant” section should be split into 
perennials and annuals section with pictures of each of the species so people can recognize these 
species since they are wild flowers.  This brochure also contains the problem that the 
identification guide has, it fails to deliver the why people are doing this. The why is what drives 
people to make decisions and accurately giving people the why would allow for better 
participation in our project. 
 Net Logo seemed to be either a ‘hit or miss’ product. It seemed to draw many people in, 
but frequently people wanted to engage in a discussion and not watch what the model was 
representing. We got better interaction when we controlled Net Logo and explained it to visitors. 
People were hesitant to actually run the model themselves. This leads us to believe that Net Logo 
is a great educational tool for a sit down setting, such as a class, but for quick interactions where 
people have no knowledge of the program, it is not ideal. 
 The biggest issue for gathering survey results was the varying interest levels and length 
of interaction that occurred with each guest at Tower Hill. Some visitors only wanted to ask 
questions about the problems and not about our project, while others wanted to know more about 
the model or app. To accurately gauge the presentation and product value through surveys, we 
recommend that the surveys be given to a group of people who all received a uniform 
presentation. To do so, it would be best to give a class or presentation to a group, and then follow 
up with a survey. This would help standardize the amount and depth of information and 
instruction provided, aiding in the result analysis. 
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 Over the course of three trips to Tower Hill on two different weekends on the family and 
Camellia Festival weekends, spoke to approximately 200 people and about 75% of those people 
we had a 5-10 minute conversation with. Placement of the table was a crucial factor to audience 
engagement. On the first Sunday we visited Tower Hill, we were placed in the Limonaia 
greenhouse, this was our most successful day at Tower Hill in terms of engagement and number 
of people who came to our table. We believe it was directly correlated with the location and 
temperature of the space in which the table was placed. The other two days we were placed 
inside the connection between the Stoddard Education and Visitors Center and the Orangerie 
garden. The room itself it is drafty and is dependent on the temperature outside which was cold 
in the month of February. It was evident that the temperature of the room had an effect on people 
who seemed less interested in our project and more interested in the garden as well as getting out 
of the cold. We suggest either having the table in the Limonaia Garden or in the entrance room 
of the Stoddard Education Center. If this project were to run on the same time table as the one we 
used then I would continue to come to the Winter in Bloom weekends, these weekends are a big 
draw for Tower Hill and will provide the largest amount of people to survey and talk to. The 
other suggested time in which you will be given the most attention in most likely the bee 
weekends that Tower Hill hosts in late July and early August. Most if not all people at Tower 
Hill would be very engaged and interested in the project since it is the theme of the weekend.   
 With these recommendations, we feel that the Bee-cology goals will reach higher levels 
of success at Tower Hill. 
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Appendix 
A: Overview Brochure 
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B: Identification Brochure 
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C: Net Logo Walk Through 
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D: Surveys 
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